Background
Nipple discharge accounts for about 5% of breast-related complaints. It is an alarming symptom to the patient and her healthcare providers due to concern for potential breast cancer. However, fluid can be elicited from the nipple by gentle manipulation in the majority of women, regardless of age or health status.
Nipple discharge is classified as benign or pathologic on the basis of its clinical characteristics. Benign nipple discharge is typically considered to be bilateral and nonspontaneous (occurring after manipulation of the breast), and it emanates from multiple ducts. Benign discharge varies in color from white to yellow to green to brown/black and is thought to be caused by apocrine glandular secretion of the breasts. 1 Pathologic nipple discharge is typically considered to be unilateral, persistent, and spontaneous, and it arises from a single duct. Nipple discharge that is clear, serous, serosanguineous (pink), or bloody is associated with an increased risk of carcinoma. 2, 3 Benign nipple discharge is considered physiologic,whereas pathologic nipple discharge is associated with an increased risk of malignancy. Although nipple discharge usually has a benign etiology, previous studies have found the incidence of breast carcinoma to be between 9.3% and 21.3% in women with pathologic nipple discharge. 2, [4] [5] [6] [7] Furthermore, an increased risk of carcinoma has also been reported in women in whom nipple discharge is associated with a palpable mass or related imaging abnormality. 3, 8, 9 Surgical treatment is indicated for nipple discharge for eliminating the symptom and for diagnostic purposes to rule out breast carcinoma. In this article we review the causes of nipple discharge as well as the workup and management of nipple discharge, including indications for surgical treatment. We also consider applications of the intraductal approach to evaluation of potential breast malignancy via modalities such as nipple aspiration, ductal lavage, and duct endoscopy.
Etiologies of Benign Nipple Discharge
The causes of nonsurgically treated nipple discharge can generally be grouped into four different etiologies: (1) physiologic causes, (2) pathologic endocrine causes (failure of normal prolactin inhibition of release or increased prolactin production or release), (3) pharmacologic causes resulting from the use of certain medications, and (4) idiopathic causes (Table 1) . Galactorrhea is bilateral milky-fluid production not associated with pregnancy. In general, the idiopathic category accounts for 50% of patients presenting with galactorrhea.
Physiologic causes of nipple discharge include lactation in the peripartum period. However, it is important to counsel patients that regardless of age, parity, or menopausal status, breast secretions may be elicited from the majority of women by manual stimulation of the nipple. Patients who present with nonspontaneous nipple discharge should be reassured that this is a normal, benign process. Any spontaneous discharge should be reported to the clinician.
Prolactinomas are the most common secretory tumor of the anterior pituitary and may cause bilateral or unilateral galactorrhea. Primary hypothyroidism causes hyperprolactinemia secondary to increased production. Rarely, bronchogenic carcinomas can result in ectopic production of prolactin. Several hypothalamic disorders can result in increased prolactin release including head trauma, encephalitis, and hypothalamic infiltration (sarcoid) or tumors.
Several drugs can cause increased levels of prolactin and galactorrhea. The most common drugs include (1) psychoactive drugs (phenothiazines, tricyclic antidepressants, selective serotonin reuptake inhibitors, haloperidol, and anxiolytics), (2) antihypertensive medications (calcium channel blockers, alpha-methyldopa, reserpine, and opiates), (3) gastrointestinal drugs (metoclopramide, cimetidine, famotidine, ranitidine), (4) anesthetics, (5) amphetamines or marijuana, and (6) estrogens (conjugated estrogen and medroxyprogesterone acetate, oral and injectable contraceptives).
It is important to note that in rare cases, patients with nipple discharge considered to be clinically benign in character (milky or green) may actually harbor a malignancy. All patients should undergo physical examination and appropriate breast imaging consisting of mammogram and/or ultrasound as clinically indicated.
Patients with pathologic nipple discharge are at a higher risk for breast carcinoma; yet, as previously stated, the majority of these patients do not have a breast cancer. Other potential causes of pathologic nipple discharge are all benign conditions, including those listed Patients with pathologic nipple discharge are typically considered surgical candidates due to the potential for diagnosing a malignancy.
Diagnosis, Workup, and Treatment of Pathologic Nipple Discharge
The standard workup for patients presenting with nipple discharge includes a thorough history and physical examination in addition to a complete breast imaging evaluation. Imaging studies allow potential localization and characterization of the lesion in question, with the option of percutaneous image-guided biopsy to achieve a tissue diagnosis. Typically, mammography and ultrasound are used to identify mass lesions responsible for nipple discharge. Additionally, magnetic resonance imaging (MRI) may be useful in the workup of pathologic nipple discharge when lesions cannot be localized with mammography or ultrasound. 11 While MRI has been preliminarily studied for this indication at a few centers, it is not generally part of the workup. When nipple discharge is determined to be of benign etiology, duct excision may also be indicated to eliminate discharge when bothersome to the patient. 4 In the absence of a mass or other lesion identified with breast imaging, the conventional surgical approach has been to perform major duct or lacrimal probe-guided excision. However, a histopathologic etiology is not always found on major duct or lacrimal probe-guided excision, which raises the possibility that the causative lesion might have been left in situ.
12 Diagnostic ductography allows preoperative determination of the number, location, and extent of any underlying lesions. Preoperative use of ductography with methylene blue injection to localize lesions has been shown to increase the likelihood that a specific pathologic lesion will be found at surgery.
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Minimally Invasive Techniques for Evaluation of High-Risk Patients
Operative Breast Endoscopy Studies suggest that 5 to 12 independent ductal lobular systems drain directly to the skin surface of the nipple, while approximately 20 ducts taper to within 1 mm of the skin surface and are therefore less directly accessible. [14] [15] [16] Every segmental duct branches sequentially, ultimately forming the terminal duct-lobular unit. It is believed that the vast majority of premalignant and malignant breast lesions arise in the epithelial lining of the ductal lobular units, 14, 17, 18 which is the rationale for the intraductal approach to detect cancerous and precancerous lesions of the breast. 19 Several investigators have reported their experience with operative breast endoscopy for the evaluation and management of pathologic nipple discharge. [20] [21] [22] [23] [24] They have used ductoscopy to identify the abnormal appearing duct for surgical resection. Investigators at the Cleveland Clinic Foundation have shown that this technique can negate the need for preoperative galactography in some patients. 20 Furthermore, when routine operative endoscopy is performed for patients with bloody nipple discharge, the extent of proliferative disease accounting for the pathologic discharge is much greater than what would normally be resected using classic blind resection of tissue behind the areola. 21 One particular advantage of ductoscopy is that the technique permits evaluation of breast ducts deep to the nipple areolar complex, offering a means of assessment of deeper ducts remote from the nipple. This is especially useful in cases in which the patient has normal central ducts with malignancy involving the deeper mammary ducts remote from the nipple. At this point, the use of breast endoscopy is just beginning to be utilized by specialists in breast disease at certain academic centers. It is currently unclear whether this technique will prove to be of clinical utility and thus used more often in clinical practice or whether it will be an interesting passing technique based on developing miniature endoscopic technology. Advocates contend that ductoscopy may allow a more accurate means of identification of intraductal lesions, 22 and critics argue that many of these findings are benign or would be typically present in the planned surgical field. 24 Additionally, few breast specialists are currently trained in endoscopic techniques of the breast, and current ductoscopy equipment does not allow for a two-channeled approach with direct visual guidance for biopsy of suspected intraductal lesions. The potential role for breast endoscopy in the evaluation of intraductal lesions and the early detection of breast cancer requires further investigation before it can be widely adopted into practice.
Nipple Aspiration
Analysis of the biochemical and cellular contents of breast ductal fluid has recently gained interest for its potential to noninvasively study the local microenvironment associated with the development and progression of breast carcinoma. [25] [26] [27] [28] Potential drawbacks to the evaluation of ductal fluid include failure of the involved duct to produce fluid and failure of the fluid specimen to contain sufficient cellular material for analysis. Interest in nipple aspiration has been renewed partly because a simple hand-held, externally placed suction cup can be used to quickly obtain a concentrated fluid fraction of breast secretions in most women. 29 Although much of the earlier groundbreaking work was performed with either healthy volunteers or women with benign breast disease, 26, 30 we and other groups believe that comparing the ductal fluid characteristics of a breast containing a known carcinoma to the healthy contralateral breast might be a practical method to identify clinically relevant tumor markers that could be useful in risk stratification, diagnosis, treatment monitoring, and detection of recurrence.
To investigate this hypothesis, we initiated a prospective trial and enrolled 65 patients with primary invasive breast cancer and measured soluble HER-2/neu in nipple aspiration fluid (NAF) samples from the breast with cancer and the normal contralateral breast and in the serum. 31 We chose to measure the extracellular domain of the HER-2/neu tyrosine kinase growth factor receptor because the identification and characterization of this molecule seems to be one of the most significant and clinically relevant developments in our understanding of breast cancer biology and treatment. 32 In this study, the mean NAF volume obtained and the mean NAF protein concentration were found to be no different in the normal vs the affected breast (62.4 μL vs 60.4 μL and 140.9 mg/mL vs 107.8 mg/mL, respectively). Mean serum HER-2/neu level was 4.36 ng/mL (range 0-16.8 ng/mL), nearly 50 times less than the mean NAF HER-2/neu level from all patients and all breasts (209.2 ng/mL, range 1.0-3,480.0 ng/mL). NAF HER-2/neu levels were significantly correlated between breasts for each individual patient (r = .302, P=.038). HER-2/neu-overexpressing tumors produced significantly more HER-2/neu in the affected breast (653.6 ng/mL) than in the unaffected breast (101.7 ng/mL) or serum (3.46 ng/mL) (P=.016). Therefore, we concluded from this initial study that nipple aspiration is a noninvasive method for detecting tumor-specific relevant molecular changes from ductal fluid.
Breast ductal fluid has been shown to contain a variety of chemical substances and many different proteins (Table 2) . Substances of exogenous origin found in breast ductal fluids include nicotine, caffeine, technetium, pesticides, orally ingested drugs, and Ames test-positive substances that are indicative of mutagenic agents of undetermined origin, 30, 56 thus indicating that the breast ductal epithelium is in contact with exogenously derived substances. Many endogenously derived proteins have also been found in NAF samples including immunoglobulins, estrogen and progesterone, androgens, prolactin, prostate-specific antigen, and carcinoembryonic antigen (Table 2) . 27, 30, 53, 56 Perhaps one of the most interesting groups of molecules detected in breast ductal fluid are members of the epidermal growth factor family, which are secreted and act locally and have potent mitogenic effects on human breast cancer cells. 43 Both epidermal growth factor and transforming growth factor-α have been found in NAF samples from healthy premenopausal women, and ErbB-2 (HER-2/neu) has been detected in nipple discharge samples from patients. 45 The extremely high amount of HER-2/neu extracellular domain detected in bilateral NAF samples from patients with unilateral breast cancer in the current study was unexpected. This finding may have important clinical ramifications in light of recent studies regarding expression of this molecule in patients with benign breast disease and in the use of monoclonal-antibody therapy for HER-2/neuoverexpressing breast cancer.
Recently, several groups, including our own, have investigated the use of proteomic profiling technologies as a potential method to identify tumor markers in the NAF. [57] [58] [59] [60] [61] This approach is used to identify and quantify protein spectral peaks for comparisons between cancerbearing breasts and non-cancer-bearing breasts or healthy controls. The recent development of surfaceenhanced laser desorption/ionization coupled with time-of-flight mass spectroscopy (SELDI-TOF) allows for both qualitative and quantitative studies of proteomics. The advantages of this approach are that it is highthroughput, requires minimal material compared to conventional electrophoresis-based methods, and analyzes a molecular panel inclusive of posttranslational modifications of protein, which may be an important component of cancer biology. This promising technology is discussed further in another article within this issue.
Several groups have investigated the application of cytology-based approaches to NAF. Although NAF cytology is not a sensitive test for the detection of invasive carcinoma of the breast, it has been demonstrated that the probability of detecting malignant cells in NAF is dependent on the extent of ductal carcinoma in situ (DCIS) and nipple involvement by DCIS. 62 King et al 63, 64 demonstrated that patients with NAF cytologic findings of hyperplasia and atypia were 2.5 and 4.9 times as likely, respectively, to develop breast cancer than were women from whom fluid was not elicited. Several groups have implemented a genomic strategy to investigate NAF for malignant potential. Researchers have successfully extracted cellular DNA from NAF and have demonstrated that this DNA can be amplified by polymerase chain reaction (PCR). The NAF fluid showed loss of heterozygosity and microsatellite instability increasingly in parallel with the extent of disease progression. 65 Methylation of promoter regions of tumor suppressor genes is common in breast cancer and results in oncogenesis by silencing the tumor suppressor genes. Promoter hypermethylation has been demonstrated in NAF of patients with invasive ductal carcinoma and DCIS. 66 NAF may potentially serve as a surrogate for breast tissue in the evaluation of the high-risk patient, permitting many different No correlation of serum CEA levels to discharge levels.
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breast cancer >400 ng/mL in 75%
Overall accuracy of CEA level >400 ng/mL (78%) in diagnosing non-palpable breast cancer was higher than that obtained for ductography (62%) and cytology (70%). types of cellular, genomic, or proteomic assessment without a biopsy. NAF assessment currently remains a research modality since too few cells are available for definitive cytologic diagnosis.
Ductal Lavage
A major limitation of NAF is that insufficient material is produced for clinical cytopathology, which prompted the development of ductal lavage (DL) to attempt to address this issue. The DL catheter is designed to enable cannulation and sampling of the selected duct via the specimen catheter port with concurrent infusion of 2 to 15 mL of normal saline via a separate port.
In a pilot multicenter study of 507 high-risk patients, Dooley et al 67 reported a median collection of 13,500 epithelial cells per duct via DL compared to 120 epithelial cells per breast with NAF. Four patients not previously known to have breast cancer had abnormal DL findings and subsequently were found to have DCIS on final surgical pathology; only 11 patients went on to have a surgical excision to further evaluate these cytologic findings. The majority of patients in this study underwent DL as an outpatient under local anesthetic. The authors concluded that DL is a safe, well-tolerated procedure that is more sensitive than NAF in the detection of cellular atypia. They suggested DL could be used to sequentially observe the breast epithelium in high-risk individuals in order to risk stratify patients to guide recommendations for chemoprevention. Based on this pilot study, a clinical algorithm for the use of DL was proposed. 68 Initial studies of DL that correlate cytology results with surgical pathology have found results of DL to be insufficiently accurate for the assessment of patients with known breast cancers. 69, 70 Khan et al 69 reported findings of a low sensitivity (17%) for the diagnosis of breast cancer in the setting of a known malignancy in 31 evaluable breast cancer patients. It is unclear if this was due to failure of the involved duct to produce fluid or failure of the fluid to contain cytologically abnormal cells. Reports of chromosomal instability in paired breast surgical and DL specimens 71 and hypermethylation of epithelial cells in DL specimens 28, 72 have been published that are similar to studies in NAF. Potential still exists for the use of DL to search for biomarkers to enable early detection of breast cancer.
Treatment Algorithm
We recently reviewed our experience with patients presenting with nipple discharge at our center. 73 During the study period, 146 patients presented to our institution with nipple discharge. Among these patients, 52 had clinically benign discharge and were managed without surgical intervention. Logistic regression analysis identified mammographic abnormalities (relative risk [RR] = 10.47, 4%) , ductography was the only means of identifying lesions to be resected. Patients who underwent ductography-guided surgery (n = 42, 50%) or any surgical procedure including a localization study (n = 66, 78.6%) were significantly more likely than patients who underwent central duct excision alone to have a specific underlying lesion identified (P=.045 and P=.033, respectively). In this study, we concluded that abnormalities on mammography and sonography in patients with nipple discharge should alert physicians to the possibility of a breast cancer diagnosis. In patients with pathologic discharge with normal findings on physical examination and other imaging studies, ductography might be the only means of localizing and resecting breast lesions associated with nipple discharge.
Based on the findings in this study, we developed an algorithm for evaluation and surgical management of patients presenting with nipple discharge (Figure) . 73 A few points should be specifically noted. In concordance with most of the large studies, [74] [75] [76] we found a low sensitivity of cytology (26.7%) in the detection of cancer among patients with pathologic discharge, although this test did have a high specificity (81.1%) and a high negative predictive value (78.6%). Almost all patients with benign discharge had normal cytology findings. This result suggests that cytology might be useful if combined with other findings but is not by itself sufficient for discriminating between patients with pathologic discharge with and without malignancy. That is, cytological analyses of nipple discharge specimens will not likely change the diagnostic workup and or treatment of patients presenting with nipple discharge. Therefore, this is not a standard component of the workup for nipple discharge at our center. Additionally, when a ductogram shows an abnormality of more than 2 cm from the base of the nipple, we advocate ductography on the day of surgery followed by needle localization of the abnormality to ensure that the lesion is removed during the surgical procedure. On the other hand, we also believe that it is appropriate to follow patients closely rather than perform a relatively blind central duct exploration and excision when a patient has a normal mammogram and ductogram. A blind central duct excision might eliminate the nipple discharge but does not address the potential underlying pathology. Rather, a blind central duct excision eliminates the ability to monitor the patient's symptomatic discharge, the feature that prompted medical evaluation in the first place. Although there are many promising investigational approaches to the evaluation of nipple discharge, the clinical role for the techniques of ductoscopy, nipple aspiration, and DL remain to be determined and thus are not incorporated into our institute's algorithm for nipple discharge.
Conclusions
Discrimination between patients with nipple discharge who do and do not require surgery can sometimes be complex and should be based on history, physical examination, and imaging studies (including ductography in cases with suspicious nipple discharge characteristics). Ductography with surgical resection is a useful combination for diagnosis and treatment of patients with nipple discharge and plays a central role in our current algorithm for evaluation and surgical management of patients presenting with nipple discharge. All these strategies are important for identifying a specific causative lesion at surgery and eradicating the underlying cause of the discharge.
The breast is a unique organ in that its microenvironment can be readily accessed and evaluated by aspiration of fluid from the nipple. Ductal fluids contain large amounts of protein. We are beginning to focus our efforts on high-throughput molecular screening of complex biological samples and discovery of biomarkers through advanced protein identification technology, artificial intelligence, and enhanced bioinformatics. As the breasts are a paired organ system, significant differences may be discovered by conducting systematic comparisons of the NAF between them when cancer develops in one breast. The local molecular microenvironment is markedly different from that of the serum as evidenced by the nearly 50-fold increase in HER-2/neu in the ductal fluid compared with that in a concomitantly obtained serum sample. Moreover, in women with HER-2/neuoverexpressing tumors, a distinct elevation of HER-2/neu is detectable in NAF samples from the breast with the tumor compared with the breast without breast carcinoma. Taken together, these results strongly suggest that analysis of paired NAF samples and serum samples from women with breast cancer may be useful as a highthroughput global discovery mechanism for other highly relevant proteins that may be involved in carcinogenesis, progression of in situ disease to invasive carcinoma, monitoring treatment response of breast cancer in the neoadjuvant setting, and serum marker development. Toward this end,our group has used this strategy to identify separate protein species in NAF samples that have unique expression profiles in the breast with the carcinoma relative to the breast without the carcinoma and the serum. The number of separate protein spots detected in NAF samples ranged from 1,280 to 1,649. Substantial qualitative differences were identified between NAF protein expression patterns in the breast with cancer compared with the breast without cancer. The number of protein spots detected in the breast with cancer and not detected in the breast without cancer from the same patient varied from 30 to 202 different proteins. In addition, the number of protein spots detected in the breast without cancer and not detected in the breast with cancer of the same patient varied from 14 to 73 different proteins. We are currently characterizing these expression profiles by multiple techniques. The intraductal approach to breast cancer offers great hope for the identification of other useful markers for evaluation of nipple discharge samples. These powerful approaches to biomarker analysis could be applied to the prevention and treatment of breast cancer.
